Owing to the influence of various factors, the vibration performance of rolling bearings is non-stationary degradation, and the reduction process possesses non-linear dynamic characteristics. Information, such as performance recession trajectory, probability distribution and vibration performance reliability function, varies with the movement process, which is difficult in analyzing using traditional reliability theory. So the hierarchical maximum entropy Bayesian method is proposed to establish a mathematical model, which is used to evaluate the vibration performance continuity reliability of rolling bearings under the condition of unknown priori information. A deep groove ball bearing (type SKF6205) is used as an example to perform an experiment investigation, which shows that the vibration performance continuity relative reliability of the rolling bearing keeps a "reclining chair" relationship with the wear diameter. The performance continuity reliability evaluation model has no requirements for the priori information of data samples, types and components of bearings.
Introduction
Performance continuity reliability (PCR) of rolling bearings in service, is the probability of a rolling bearing maintaining optimum running status during a test or practical application, and also the probability of its not exceeding its performance threshold. PCR can be expressed as a function, where the values of this function are called the degree of performance continuity reliability. The performance continuity relative reliability (PCRR) is an error in PCR in the future for each step relative to the PCR at its optimal time, which is used to characterize the degree of failure of a rolling bearing maintaining optimum running status.
The prediction problem for performance reliability involves the interaction between internal factors and the external environment [1] [2] [3] [4] . Under the existing research conditions, the probability distribution density functions and the variation trend of rolling bearing vibration performance are still unknown or uncertain, which belongs to the research category of poor-information system theory (PIST). Poor information is that the characteristic information of objects researched is incomplete or inadequate. For example, small sample data, or unknown probability distribution and trend, both belong to the category that are researched by poor-information theory. It is difficult in using available methods to solve the reliability evaluation problems under the poor-information conditions. So far, it has been an important scientific and technical hot [5] [6] [7] [8] [9] [10] [11] [12] .
In view of this, an experiment was carried out to validate the effectiveness and suitability of hierarchical maximum entropy Bayesian method in evaluating the vibration performance of rolling bearings under the condition that the prior sample information of rolling bearing time series is unknown.
Experimental Results
Vibration acceleration data is collected by changing the wear diameter of inner groove surface of rolling bearings to evaluation for the failure degree of the optimum vibration performance state in this experiment. The experimental data is from center website of bearing data measured by Case Western Reserve University. The vibration acceleration signal of bearings is measured using acceleration sensor, which is shown in Figure 1 . The 6400 data are divided into four time series. For different time series, various order origin moments, Lagrange multipliers and mapping parameters can be obtained using the maximum entropy method. Set the significance level α is 0.01, that is, the confidence level P=99%. The maximum entropy estimated interval can be calculated for different time series.
The probability density functions f w (x) of 4 time series are shown in Figure 2 . The intersection interval [x w1 , x w2 ] and intersection area η w are calculated for the probability density functions (PDF) of the wth time series and the intrinsic series as shown in Table 1 . The posterior probability density functions hyf w (x) of the 4 time series are constructed using the Bayesian principle, shown in Figure 3 . The intersection interval [x 1w , x 2w ] and intersection area S w are calculated for the posterior probability density functions (PPDF) of the wth time series and the intrinsic series, shown in Table  2 . The PCR of vibration performance decreases with the increase of wear diameter, and the specific relationship is shown in Figure 4 . The PCRR of vibration performance for the rolling bearing decreases with the increase of wear diameter, and the specific relationship is shown in Figure 5 . It is noteworthy that if the maximum entropy principle is applied directly, not considering the Bayesian theory, the performance continuity reliability (PCR) R w can be replaced by the intersection area η w in Tab. 1. Combining the maximum entropy principle with Bayesian theory, the intersection interval are smaller and the intersection area S w are bigger comparing with not considering the priori information of intrinsic series.
Conclusions
Under the condition that the prior sample information of rolling bearing time series is unknown, the analysis on the failure degree of the optimum vibration performance state shows that the vibration performance continuity relative reliability of the rolling bearing keeps a "reclining chair" relationship with the wear diameter. The results of the investigation could generate new ideas in new fields of product performance or accuracy reliability, break through the limitations of traditional reliability theory, and enrich the development of basic theories of reliability. 
